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Detectors

Central Muon
Wall Calorimeter (H) ‘

e EXxcellent muon and Plug Calorimeter (. H) s :

- - Forward MuQn -“_ ="1'r : g

tracking coverage = high L=, VN

¢ Extended muon system
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Forward Calorimeter (E)

E n=0 n=1, Luminosity Monitor
Muon Scintillators : ,/"f T Time of Flight
] Errrmrrry e . entral Quter Tracker
ilion Charnere IntermStljliI;:tlv)anSYI?gge: peteeter
“ ———-ﬁﬂ =2
W gy U ~  4-3 e Excellent mass resolution
e Shielding = L DS SO o ) ]
— =& = === o Particle ID: p, Kand 7 by dE/dx

and TOF

e Hadronic trigger able to trigger

on two-track objects at L1
e |mpact parameter trigger at L2




Lifetime Measurements

_ .. ’>20'35
e Precision measurements constrain inputs 4 D&
to theoretical calculations utilizing non- g 7(B*)/«(B°)
perturbative techniques g o3¢
e Theoretical and experimental uncertainties :
are reduced for ratios of lifetimes 025
0.1 0 01 0.2 0.3 0.4
Visible Proper Decay Length (cm)
" Measure- Channel PDG e CDF Result DEJ D2 Result
ment
7(B*)/ «(B°) B* 5> Jly K" 1.086+0.017 1.080+0.042
B 5 Jw K™
B*)/ «(B° D*(2010) x*X | 1.086+0.017
(8)/ B | B~ D(2010) u 1.080+0.016+0.014
B—>D u*X
«B,) B > Jly ¢ | 1:461£0.057ps | 1 369+0.100°%%% ps |1.444"%% +0.020ps
o(Ap) A — Iy A° 1.2290.080ps |1125+0.26+0.10ps | 1.229% +0.04ps




w B, Mass and Lifetime at D@

e Triggeron Jlw — u"u decays in 210 pb-! of D@ data
e Reconstruct B, — J/yu" X decays

30

e 231 candidates, signal of
95+12+11 events

e Unbinned likelihood fit gives

Bl heavy flavor background
Il prompt background
[ signal

25
20

eventsper 0.2 GeV

15
10

m=5.95+0.14+0.34 GeV/c* s

35 4 45 5 55 6 6.5 7 75 8
yu invariant mass (GeV)

e Average correction factor
determined from Monte Carlo
to account for the missing
momentum of the neutrino
gives

r=0.448"0% £0.121ps

50 __l LI Y N L N Y [ L Y I L Y L N L B Y BN B l__

w0 F DO Preliminary E

events per 0.125 ps

YU pseudo-proper time (ps)

February 18, 2005 Wendy Taylor, York University 4



% B. Mass at CDF

e Reconstruct B, — J/yx*

decays 360 pb_l of . CDF Preliminary 360 pb™
CDF data L 6 B, > Jlyn B, Mass = 6.2870£0.0048 GeV/c’
2t Resolution (fixed) = 15.5 MeV/c
e Layer 00 used for this 2 st Sanat 1805 ovents
analysis ¢
e Expected signal rate % | .
is order of magnitude - |
smaller than the 21
semileptonic mode 11___H L 1 _
e 19signal eventovera  El[JII | 0 LI ] |
background of 10 62 625 63 83 B e Govic)

events expected

yields
m=6.2870+0.0048+0.0011 GeV/c?
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Charmless B Decays B—shh at CDF

e Charmless 2-body B decays B—+h*h’-, h,h’=K, = collected
by hadronic B trigger
¢ selects track pairs that exit a displaced vertex
e Use dE/dx in drift chamber to COF Run 2 Prefiminary, L=180 pb’
separate pions and kaons : i

CDF Run Il preliminary
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B—hh Branching Fractions at CDF

BR(B, > 77 7")
BR(B, — K*7")

= 0.24+0.06(stat) + 0.05(syst) First Measurement

/

ICBR(B, > K K D 0.50+0.08(stat) +0.07(syst)

f,-BR(B, > K'7")

f,-BR(By > 7°7")
f_.BR(B. - K*K")

=0.48+0.12(stat) £0.07(syst)
BR(B, » 7°7")

) BR(B, — K*K7)
BR(By > K'K) _p17@90%cC.L.

<0.10@90%C.L.

BR(B, > K'r) f,-BR(B, - K*z
f,-BR(B, - K*z")
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CP Violation in Charmless

Two-Body B Decays B—-hh at CDF

e Direct CP asymmetry

—0 ~ 0 .
3 N(B, >K7z")-N(B, > K"z")
N(Bs > K 7")+N(B, > K'rz")
=—0.04 + 0.08(stat) +£0.01(syst)

Acp
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@ Charmless B Decays B, ;—»@X at CDF

e Gluonic penguin-dominated decay followed by

—K*K-
(0 -+ +
BT — oK W
0 L & ..1

B, — ¢¢ b/t 8

|'| ) i [p
BB, 21

ILll I||I H .|.|'Il|:-l!I
(PR /s

e Many beyond-the-SM theories predict new CP-
violating phases resulting from heavy particles in
the penguin loops
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Charmless B Decay B*—¢@ K*at CDF

CDF RUN Il Preliminary L=180+10pb™
C |
30 - Legend:
— + == total FOF
B* — oK = signal

Events / 20 MeV/c?
N
[8)]

N
o

[y
a1

e Branching ratio :
measured relative to - WA Sauy J(

BZ— J/ w KZ(some 5 A
: | e b -,Aﬂh. Lo

uncertainties cancel) e
BR(B® — ¢K*) = (7.2+1.3(stat) £ 0.7(syst)) x10™°

47 + 8 events = Comh. BG

) = phys. BG

- B2k

‘ = B*-ai
- Eil - K'H'K'

Q \
N
<\~‘

(I
(=}

5.6

5.5 .
M, [GeV/icT]

e HF averaging group = BR=(9.0 £ 0.6) x10°

Ap = F(B: - ¢K:)_F(B+ — K =—0.07+0.17(stat) = 0.06(syst)
I'B™ > K )+I'(B" > gK™")
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% Observation of B,—»¢ ¢ at CDF

e Use B,— J/y ¢ as a normalization mode to avoid
uncertainties due to the B, and B, fragmentation
fraCtlonS CDF Runll Preliminary L =179+10 pb-ll

Us

CDF Runll Preliminary

e 12 events in signal region, 2
background events expected

o Combinatorics and reflections
from B;—¢p K™

e 4.8c signal
e First evidence for this decay

o bl

* BR(B. = ¢p) = (1.4+0.6(stat) +0. 2(syst) +0. 5(BR)) ><1O‘b
¢ SM predicts BR(B. — ¢¢) = (2.5-5.0)x107°

6/

51

Events/24 MeV/c?

A

3'_

|_\
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By s Mixing

e B, mass and flavour eigenstates differ, allowing
flavour states to mix

b . _\ﬁf o V:c:d_ _d B b ° - u,c.t ;{d

U,C,t W+ U,C,t BD BD W I.l;:f YT
—------ — —® = ———
d VY b d Vg

+ Eigenstates have mass difference Am,=m,-m,>0
+ Eigenstates have width (lifetime) difference AT'= -FH>O

e Want to measure Am, _ M(B,) B(B,)f? (B) ’
Am, M(B,) B(B,)f%(B,)\V

e Extract mass difference Amq from oscillation
frequency
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B4 Mixing

. neutrino e Need to tag the production
rjetcharge \ | !
RN fragmentation 7 trigger flavour of the b quark to know
X oo P lepton if meson mixed or not

+ Soft muon tagging

.+ Low efficiency but high accuracy
(dilution)

¢ Jet-charge tagging

+ High efficiency but poor dilution
¢ Same-side pion tagging

+ High efficiency but poor dilution

\ soft
lepton
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B4 Mixing at D@

Reconstruct B — D"(2010) u* X

decays in 200 pb 1 of D@ data B, — D"(2010)” 1" X

Use B? - D u'X decays for
tagglng studies

Divide the data into 2 samples

NG
—>D

+ Events that can be tagged by
the soft muon tagger

+ The remaining events, which are
subjected to the combined jet-
charge and same-side tagger

+ Events with conflicting initial
state flavour are rejected

6000 -

Events / (1.00 MeV/cZ)

4000 -

2000 -

CDF used B — D™I"X -
decays in 245 pb-! of CDF data 0.

DY Runll
preliminary

Np-,, = 20133+ 173

single-w data- 200 pb™

0.14
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0.16 018
My s

0.2

- My (GeVicY)
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B4 Mixing

e Count the number of mixed and unmixed events in each decay length
bin and plot asymmetry vs transverse pseudo-proper decay length

CDF Run Il Preliminary L =245 pb™

14 0.5 3 5 1'D", D" — D°n, (D° — K1)
i —— @ ;
< L z
4 ()
= Soft muon tagger -
o] T <
-
E '0'4-: + 0 5 | ==« Total B fraction | |
0.0 0.1 0.2 0.
E 0 500 1000 L15'°|94 o () Proper decay length [cm]
E CDF Run Il Preliminary L = 245 pb™
= —— . 0.5 - I'D", D" > D r, (O° - K'm)
0 L L _
< _(r | _+_ g\
- (6]
_?_ goo ''''''''''''''' I QR /
. = 1 1 Iy
0 (LI .| Combined same-side %% o
and jet-charge tagger R
-0.1 -0.5 ,‘ B | |
. . . 0.0 0.1 0.2 0.
0 500 1000 500 o () Proper decay length [cm]

D@ Am, Result CDF Am, Result PDG Am

0.536+0.037+0.015
0.456+0.034+0.025ps™ . 0.502+0.007 ps™
+0.009(sc) ps




B4 Mixing — B, Mixing

' ' ' ' . 25 e e e e e
ALEPH . 0.446+0.026+0.019 ps™* Q l l l l l l ]
(3 analyses) S Wor ld aver age
DELPHI ~ . 0.519+0.018+0.011 ps™* =
(5 analyses) " g’ 2r + datatlc A 95% CL limit 145ps i
1 B - —~_'l:
@analyssy | 1 0.444+0.028+0.028 ps < [ 18456 < senstivity 182p y P
“ anglisAels_) H—eH 0.479+0.018+0.015 ps™ 15 @ data+ 16456 X .
' [ ] data+1.6450 (stat onl o) .
0.495£0.033+0.027 ps™ : of ) *
1 |
0.533+0.031+0.012 ps™* - ""«.. ‘
9| \
(33
(Lorel.anal DC)) . 0.456+0.034+0.025 ps™
1prel. analysis) 7]
( BASAR; o 0.500£0.008+0.006 ps™* Yl
3 analyses) * ]
BELLE b ] 0.506:£0.006+0.008 ps’* Av y ua
(4 analyses) ‘\ 03
?ver gge of above |_..| 0.502+0.006 ps'1 \
after adjustments
ARGUJS+CL EO F——| 0.493+0.032 ps™ :
(x4 measur ements) 1L e
[ e
world average |_,.| 0.502+0.006 ps’1 L \‘ I ‘
| L | L | L | L B
-15 e by by by by by by by v by
. 04 045 05 05 0 25 5 75 10 125 15 175 20 225 25
orking group average _ -
vv\(/ithtlnu?gdj ng\éntsg Amd (ps 1) H FI A G Am (ps-l)
eavy Flavour Averaging Group .

o Current 95% C.L. limit on Am_: 14.4 ps*
e Standard Model says 14.2<Am<28.1 pstat 95% C.L.
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5 AT'(B.) at CDF

o AI'y/T jexpected to be very small but AT’ /T
could be sizeable

e Mass eigenstates are expected to be nearly-CP
eigenstates

e Light-mass eigenstate expected to be CP-even
with larger decay width than heavier mass
eigenstate

e Measure decay widths directly from the relative
contributions of CP-even and CP-odd decays to
the observed angular distributions as a function

of decay time
February 18, 2005 Wendy Taylor, York University 17




AT'(B,) at CDF

e Reconstruct B — J/w ¢ followed by Jly — u"

and ¢ - K"K™ in 260pb-1 of CDF data

z

I
o

candidates per 5.0 MeV/c

(@))
(=)
A

N
(=)
| —

B, — Jyo

o
—

Yield: 203+ 15

L1
5.3

A T
5.4 5.5

WwK'K mass (GeVic)

February 18, 2005

candidates per 50 um

CDF Run Il Preliminary

L ~ 260 pb™

3 Bs—>~]/\|l¢

--data

10 Sig g
—Sig Light
Si9 1 eavy
Bkg Long-lived

—B kg Short-lived

Fit prob: 26.4%

1]

Wendy Taylor, York University

0.2 0.3
ct,cm
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5 AT'(B.) at CDF

Plot the “transversity’” angular distributions for the mass-

sideband-subtracted signal events
e First time-dependent angular analysis of BSO —> Jy @

decays

1

B2 > Iy o

b

Unbinned likelihood fit to mass, proper decay length and
transversity angles to get

AT, = (0.4

e SM expectation:

February 18, 2005

0 .........

7+0.19

0.3F
0.2}

0.18¢

L B> Iy o

+

+0.01) ps™
= (12+5)%

AT,

Wendy Taylor, York University

- B2 > Jly o
l_

= (652 +1)%



Rare Decays: By ;—=u'ur

e Flavour-Changing Neutral Current process forbidden at
tree level in the SM _ |
e SM expectation: 5L

BR(B? — u*117) < (3.42+0.54)x10™° et
o B, decay further suppressed: z )

Vig =(4.0+0.8)x107 j‘”’ b :[w *’
ts z Z
e Observation of a significantly f . ,,..
larger BR would indicate physics _ "y DS
beyond the Standard Model 40000 -
¢ Minimal Supersymmetric Standard 3000 | v rs, 2\:5 )
Model 20000H, | /S R
+ Type-ll 2-Higgs-doublet model "“"’: v aT———
+ Minimal supergravity models © Y variant(up) Mass [GeV]
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o Fakes
o Qo u

+ Sequential semi-leptonic b—»c decay
¢ Double semileptonic decay b —» ,u"X,B — u X'
CDF published results using 171 pb-!

+ One background event expected in each mass
window:; one event with mass consistent with both

Rare Decays: By s—=u'1r w

Background sources include

o

entries

of

mass windows survived
¢ BR(B? > 1" 17) <7.5x107" at 95% C.L
¢ BR(By —» 1"17)<1.9x107" at 95% C.L

D@ used 240 pb-!

CDF Il

o fraction

48 5 52 5.4I 5.6 5.%
M(u'w) [Gevic’]

6 05 1 15
AD [rad]

0.3

0.2

0.1

0.2 0.3
ct [cm]

— background
(data)

% 02 04 06 08 1

isolation ratio

¢ 4 events observed in signal region consistent with 3.7+1.1 background events
¢ BR(B? > 1" 117)<5.0x10" at 95% C.L.

February 18, 2005
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© I Do

e Both CDF and D@ are operating well

e Each has unique features important for
successful B physics analyses

e Too many results to present in a 25 minute talk

e B Physics program at the Tevatron is broad and
varied and complementary to that of the B
factories

e More exciting results to come!
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